


































	Transport	 is	a	 large	consumer	of	energy	 in	South	Africa	and	vital	 for	economic	development.	
Currently	the	transport	sector	consumes	28%	of	final	energy,	the	bulk	of	which,	97%,	is	in	the	
form	 of	 liquid	 fuels.	 As	 the	 population	 grows	 and	 becomes	 wealthier,	 so	 the	 demand	 for	
passenger	transport	and	private	vehicles	increases;	similarly,	rising	GDP	drives	the	demand	for	
freight	 transport.	 Supply	 interruptions	 are	 costly	 to	 the	 economy	 and	 careful	 long‐term	
planning	 is	 required	 to	 ensure	 that	 there	 is	 sufficient	 infrastructure	 to	 support	 the	 efficient	
functioning	and	growth	of	the	transport	sector	in	the	future.		
Long‐term	planning	requires	an	accurate	depiction	of	the	status	quo	regarding	the	demand	for	















A	 number	 of	modelling	 techniques	 have	 been	 combined	 in	 this	 study	 to	 provide	 a	 novel	 and	
rigorous	methodology	 for	 estimating	 the	 current	 and	 future	 vehicle	 parc	 and	 the	 associated	
energy	demand.	 In	 the	 end,	 five	models	were	 employed	 in	 the	 study:	 a	 vehicle	parc	model;	 a	
time	budget	model;	 a	 computable	 general	 equilibrium	model;	 a	 freight	demand	model;	 and	 a	
fuel	 demand	model.	 Data	with	which	 to	 populate	 transport	 sector	models	 is	 sparse	 in	 South	
Africa,	and	a	broad	range	of	 input	assumptions	are	made	which	are	discussed	 in	detail	 in	 the	
report.		
The	 vehicle	 parc	model	 developed	 is	 calibrated	 over	 seven	 years	 from	 2003–2009,	 and	was	
largely	 developed	 to	 fill	 knowledge	 gaps	 around	 vehicle	 usage	 patterns	 in	 South	 Africa.	 The	




The	 vehicle	 parc	model	 draws	on	 estimates	of	 scrapping	 curves,	 vehicle	 sales,	 annual	 vehicle	
mileage	 for	 each	 vehicle	 class	 and	 decay	 of	mileage	 as	 vehicles	 age.	 In	 order	 to	 calibrate	 the	
vehicle	parc	model	 against	known	 fuel	usage,	 the	evolution	of	 vehicle	 fuel	 efficiency	over	 the	
lifetime	 of	 the	 vehicle	 is	 included	 in	 the	model.	 Primary	 sources	 of	 data	 for	 the	 vehicle	 parc	
model	are	eNATIS,	NAAMSA,	Department	of	Transport	and	SAPIA,	in	addition	to	several	smaller	
local	studies	and	 international	studies	which	were	used	as	benchmarks.	Base	year	 technology	
penetration,	 fuel	 economy	 and	 vehicle	 mileage	 were	 validated	 outputs	 of	 the	 vehicle	 parc	
model.		





are	 becoming	more	 efficient,	 and	 new	 cars	 tend	 to	 cover	 higher	 annual	mileages	 than	 older	
vehicles.	 Efficiency	 improvements	 occur	 due	 to	 technology	 becoming	more	 efficient	 but	 also	
from	 reductions	 in	 vehicle	 mass	 and	 engine	 capacity.	 Significant	 improvements	 in	 vehicle	






to	 carry	 an	 average	 load	 of	 0.5	 tons,	 and	 medium	 commercial	 vehicles	 (MCVs)	 and	 heavy	
commercial	vehicles	(HCVs)are	assumed	to	carry	loads	of	2.5	and	15	tons	respectively.	
Annual	vehicle	mileage	 can	vary	markedly	 from	vehicle	 to	vehicle	and	moreover	 tends	 to,	on	
average,	decline	as	the	vehicle	ages.	Estimates	of	average	mileage	for	vehicles	in	their	first	year	
of	operation	and	for	all	operating	vehicles	are	however	useful	indicators	of	activity.	The	vehicle	
parc	model	 estimates	 that	 on	 average	 passenger	 cars	 travel	 16	 630	 kilometres	 per	 year	 and	
heavy	 commercial	 vehicles	 travel	 around	 50	 000	 kilometres	 per	 year	 with	 new	 vehicles,	 on	
average,	 travelling	 over	 70	000	 kilometres	 in	 their	 first	 year.	 Similarly,	 the	 average	 vehicle	
mileage	 estimated	 for	 minibus	 taxis	 was	 32	000	 kilometres	 with	 new	 vehicles,	 on	 average,	
travelling	50	000	kilometres	 in	 their	 first	year	of	operation.	This	 is	however	one	of	 the	major	
uncertainties	 in	 the	 vehicle	parc	model.	Minibus	mileage	 estimates	have	 a	 large	 effect	 on	 the	
model	calibration	due	to	their	high	modal	share,	and	the	accuracy	of	the	model	would	be	greatly	
enhanced	 if	 reliable	 data	 for	 the	 minibus	 taxi	 industry	 was	 available.	 The	 model	 generated	
activity	data	for	passenger	and	freight	transport	is	shown	in	Table	A,	and	in	general	calibrated	
vehicle	parc	model	fuel	sales	in	the	provinces	align	well	with	actual	sales,	the	notable	difference	




		 Total	vehicles	 Total	veh‐km	 Activity	 Modal	share	
NATMAPa	
(2005)	
		 (1000	veh.)	 (billion	veh‐km)	 (billion	p.km)	 (%)	of	p.km	 (%)	of	trips	
Public	(excl.	air)	 291.4	 9.01	 147	 53%	 59%	
Private	 5253.2	 85.12	 118.6	 43%	 40%	
TOTAL	(excl.	air)	 		 		 265.5	 		 		
	
Table	B:	Model‐generated	freight	transport	data	for	South	Africa	(2006)	
Vehicle	type	 Total	vehicles	 Total	veh‐km	 Activity	 Modal	share	
		 (1000	veh.)	 (billion	veh‐km)	 (billion	ton.km)	 (%)	of	ton.km	
LCV	 1803.9	 28.8	 14.4	 10%	
MCV	 137.4	 3.64	 9.1	 6%	
HCV	 198.1	 8.0	 120.1	 84%	





that	 travel	 time	budget	 is	on	average	approximately	1.1	hours	per	person	per	day	across	 the	
spectrum	 of	 per	 capita	 income	 (Schafer	 &	 Victor,	 2000).	 The	 time	 budget	 model	 used	 this	
estimate,	along	with	an	estimate	of	average	speed	of	different	modes	and	waiting	and	walking	
time,	to	develop	a	profile	of	demand	for	passenger	kilometres	travelled	in	different	modes.			






hub,	 ownership	 is	 around	 314	 vehicles	 per	 1000	 people,	 less	 than	 the	 500–800	 average	 for	
developed	 countries,	 and	 therefore	 allocation	 of	 travel	 time	 to	 different	 modes	 as	 incomes	
increase	is	an	important	component	of	the	model.		





a	 larger	portion	of	GDP	and	 if	 this	 trend	continues,	 the	elasticity	of	 freight	demand	 to	GDP	 is	
likely	to	be	less	than	1.	In	the	absence	of	alternative	sources	an	elasticity	of	0.8	was	used.	Even	
with	this	conservative	estimate,	freight	transport	increases	threefold	by	2050.	
The	 future	 energy	 demand	 of	 the	 transport	 sector	 was	modelled	 for	 a	 reference	 case	 which	
represents	 a	 business	 as	usual	 outcome	with	 a	modestly	high	 growth	 rate	 and	 an	 alternative	
case	that	assumed	a	number	of	energy	saving	policy	interventions.	These	interventions	are	not	





of	 8.2	 million	 in	 2010.	 Of	 these,	 over	 17	 million	 will	 be	 private	 vehicles,	 excluding	 light	
commercial	vehicles.	




 Similarly	 to	 the	 energy	 demand	 results,	 CO2	 emissions	 from	 transport	 were	 projected	 to	



















Modelling	 of	 intracity	 and	 intercity	 travel	 within	 and	 between	 provinces	 would	 allow	 the	
calculation	 of	 future	 transport	 fuel	 use	 for	 each	 province,	 which	 will	 aid	 decision‐making	




studies	 focusing	 on	 elasticity	 of	 freight	 demand	 (ton.km)	 in	 relation	 to	 transport	 GDP	 and	
overall	 GDP.	 Having	 developed	 the	 suite	 of	 models,	 a	 full	 life	 cycle	 costing	 of	 infrastructure	
required	for	road	vs	rail	should	be	carried	out.	
Finally,	 collaboration	 between	 researchers	 in	 South	 Africa	 working	 in	 the	 transport	 sector	
would	 greatly	 enhance	 both	 base	 year	 data	 and	 transport	 sector	 modelling.	 For	 instance,	
collaboration	with	 the	 CSIR	 could	 help	 to	 understand	 and	 reconcile	 the	 differences	 between	
their	estimated	road	freight	demand	for	ton.km	and	that	of	the	vehicle	parc	model	in	this	study.	
This	 report	 is	written	 in	 three	 sections,	 the	 first	 two	 presenting	 two	 papers.	 The	 first	 paper	
outlines	the	development	of	a	calibrated	vehicle	parc	model,	the	second	develops	projections	of	
demand	 for	 passenger	 and	 freight	 transport	 up	 until	 2030	 and	 presents	 the	 results	 of	 the	
business	as	usual	and	alternative	case	based	on	these	projections.	The	third	section	reports	on	



















































































































































growing	 transport	 sector	 requires	 investment	 in	 infrastructure,	 failure	 to	 invest	 can	have	 far	
reaching	 negative	 economy	 impacts	 as	 witnessed	 in	 South	 Africa	 during	 the	 2006	 supply	
disruptions.	




broad	 range	 of	 assumptions	 on	 future	 demand.	 Two	 scenarios	 are	 developed	 in	 the	 paper,	 a	
base	 case	 scenario,	 in	 which	 demand	 for	 energy	 in	 transport	 increases	 fivefold	 over	 the	
planning	 period,	 and	 a	 more	 efficient	 transport	 scenario	 in	 which	 several	 opportunities	 to	
improve	 energy	 efficiency,	 ranging	 from	 improvements	 in	 private	 vehicle	 efficiency	 to	modal	











(97%)	is	 in	 the	form	of	 liquid	fuels,	which	 itself	 is	 the	bulk	of	 the	national	 liquid	fuel	demand	
(84%)	 (DoE,	 2009)	 (IEA,	 2011).	 The	 evolution	 of	 transport	 demand,	 both	 in	 terms	 of	 its	
magnitude	 and	 form	 (carrier)	 is	 very	 uncertain	 and	 has	 large	 implications	 for	 infrastructure	
requirements.	
A	 successful	 and	 productive	 economy	 is	 founded	 not	 only	 on	 a	 reliable	 energy	 supply	 for	
current	needs	but	also	on	the	ability	of	 that	supply	to	respond	sustainably	to	changing	needs.	
Due	 to	 the	 reliance	 on	 liquid	 fuels	 for	 transport,	 disruptions	 to	 liquid	 fuels	 supply	 to	 the	
transport	 sector	 can	 have	 large	 economic	 impacts.	 A	 study	 on	 strategic	 stocks	 of	 liquid	 fuels	
conducted	by	the	then	Department	of	Minerals	and	Energy	in	2006,	estimated	that	R925	million	




point	 of	 supply	 to	 the	 point	 of	 demand	 involves	 large	 investments	 and	 long	 lead‐times.	 In	
addition,	 the	 choice	 of	 primary	 energy	 and	 the	 transformation	 process	 can	 have	 substantial	
impacts	on	society	and	the	environment.	 Investment	decisions	must	therefore	be	informed	by	
planning	 processes,	 such	 as	 a	 national	 integrated	 energy	 plan.	 A	 first	 step	 in	 the	 planning	
process	 is	 to	develop	an	understanding	of	 the	current	demand	for	mobility	of	passengers	and	
freight	 in	 the	economy	and	 the	drivers	of	mobility	 in	 the	 transport	sector	and	how	these	will	
evolve	 over	 time.	 The	 need	 for	 mobility	 is	 not	 something	 that	 can	 be	 directly	 measured	 or	
observed	 and	 therefore	 requires	 estimation	 based	 on	 a	 number	 of	 observable	 variables,	 for	
instance	how	much	people	 are	driving	 and	 the	 quantity	 of	 goods	 being	moved	around	 in	 the	
current	economic	environment	or	how	many	vehicles	are	on	the	road/rail	network.		
This	 paper	 describes	 the	 development	 of	 a	 calibrated	 model	 of	 the	 vehicle	 fleet	 and	 its	
characteristics,	often	called	a	‘vehicle	parc	model’,	which	can	be	used	to	characterise	liquid	fuel	
consumption	 in	 the	 transport	 sector	 in	 South	 Africa.	 The	model	 developed	 for	 this	 research	
includes	both	passenger	and	freight	transport,	and	different	transport	modes,	and	is	calibrated	
for	 each	 province.	 However,	 due	 to	 the	 dominance	 of	 liquid	 fuels	 in	 the	 transport	 sector,	
characterising	liquid	fuels	demand	is	the	major	focus.	The	output	of	the	model	can	be	used	to	
develop	projections	of	demand	for	passenger	and	freight	transport	 in	South	Africa’s	transport	
sector	 in	 order	 to	 inform	decisions	 related	 to	 infrastructure	 planning	 such	 as	 the	 location	 of	
refineries	 and	 pipelines.	 Very	 broadly,	 the	 modelling	 approach	 followed	 two	 steps;	 firstly	
available	 historic	 data	 was	 used	 to	 develop	 a	 picture	 of	 the	 ‘base’	 year	 use	 of	 energy	 for	












to	 55%	of	 the	 population	 (Stats	 SA,	 2012).	 These	 geographic	 and	 socio‐economic	 differences	
Quantifying	the	energy	needs	of	the	transport	sector	for	South	Africa	 3	
Working	paper	1:	A	vehicle	parc	model	for	South	Africa	
result	 in	 distinct	 nodes	 of	 high	 transport	 demand	 and	 high	 traffic	 volumes	 that	 are	 spatially	
remote	from	each	other	within	South	Africa.	
The	 aggregate	 statistics	 for	 the	 distribution	 of	 vehicles	 in	 the	 provinces	 in	 South	 Africa	 are	
shown	below	in	Table	1.	In	2010	Gauteng	had	a	motorisation	level	of	314	vehicles	per	thousand	





















Eastern	Cape	 6	829	958	 628529	 7%	 92	 7.7%	 13.8%	
Free	State	 2	759	644	 478546	 5%	 173	 5.5%	 10.6%	
Gauteng	 11	328	203	 3560678	 39%	 314	 33.7%	 1.4%	
KwaZulu‐Natal	 10	819	130	 1268984	 14%	 117	 15.8%	 7.7%	
Limpopo	 5	554	657	 474225	 5%	 85	 7.2%	 10.3%	
Mpumalanga	 3	657	181	 585628	 6%	 160	 7.0%	 6.3%	
Northern	Cape	 1	096	731	 195094	 2%	 178	 2.3%	 30.5%	
North	West	 3	253	390	 457286	 5%	 141	 6.7%	 8.7%	
Western	Cape	 5	287	863	 1485018	 16%	 281	 14.1%	 10.6%	
TOTAL	 50	586	757	 9133988	 100%	 181	 100.0%	 100.0%	
	




a	 range	 of	 500	 to	 800	 for	 developed	 countries	 and	 an	 average	 of	 around	 40	 for	 Africa	 (The	







Road	 trucks	 have	 come	 to	 dominate	 the	 transport	 of	 general	 goods	 and	 their	 net	 annual	
utilisation	 is	 reported	 to	 have	 reached	260	 billion	 ton.km	 in	 2008	 (Havenga,	 Simpson,	&	 van	
Eeden,	2011).	The	export	of	bulk	goods	particularly	iron	ore	and	coal	has,	however,	maintained	
the	 rail	 freight	 industry	 as	by	 far	 the	 largest	 in	Africa,	 sustaining	over	100	billion	 ton.km	per	
annum	over	the	last	10	years	and	reaching	130	billion	ton.km	in	2008	(Havenga,	Simpson,	&	van	





freight	 in	 2007	 and	 these	 two	 lines	 combined	 with	 the	 Cape‐Gauteng	 and	 Durban‐	 Gauteng	
corridors	accounted	for	70%	of	all	rail	freight	in	2007	(Transnet,	2009).		
Recent	years	have	seen	record	vehicles	sales	peaking	at	714,315	total	vehicle	sales	in	2006	with	





consumption	 (1%	 pa)	 but	 somewhat	 sharper	 diesel	 consumption	 growth	 at	 around	 5%	 per	
annum.	 Thus,	 emulating	 trends	 in	 Europe,	 the	 gasoline	 to	 diesel	 ratio	 has	 steadily	 swung	 in	
favour	of	diesel	and	 is	now	around	1.2	 (SAPIA,	2011).	Dieselisation	of	 the	passenger	car	parc	
has,	however,	been	slower	than	in	many	European	countries,	with	diesel	cars	making	up	about	
10%	of	the	current	passenger	car	fleet	and	15%	of	current	sales	(NAAMSA,	2012).	The	average	
diesel	 car	 fraction	 of	 the	 passenger	 car	 fleet	 in	 the	 European	Union	 (EU),	 grew	 from	25%	 in	
2001	to	41%	in	2007,	led	by	France,	Austria	and	Luxembourg	with	diesel	car	fractions	of	over	
50%	in	2007	(Eurostat,	2012).	The	relative	lag	in	South	Africa	likely	reflects	that	it	is	in	general	
not	possible	 to	pay	back	the	premium	in	 the	price	of	a	diesel	car	with	 fuel	savings	within	 the	
useful	 lifetime	of	 the	 car.	 Thus	 in	 South	Africa	 growth	 in	diesel	 use	 seems	 to	 rather	 reflect	 a	
growth	 in	 freight	demand	and	more	 recently	 the	 growth	 in	demand	 for	peaking	 and	back‐up	
electrical	power	supply.	
Growth	in	transport	demand	in	South	Africa	 is	 largely	a	result	of	both	population	growth	and	
economic	 growth,	 however	 there	 are	 other	 factors	 which	 characterise	 the	 growth	 of	 energy	
demand	in	the	transport	sector	in	South	Africa	and	are	included	in	the	vehicle	parc	model	such	







high	 in	 this	 sector	 due	 to	 an	 ageing	 vehicle	 fleet,	 low	 occupancy	 rates	 and	 poor	
maintenance	 of	 vehicles.	 Historically	 segregated	 residential	 patterns	 result	 in	 large	
commuter	 communities	 which	 increases	 fuel	 consumption	 and	 resultant	 emissions.	
































early	1970s,	projections	were	made	 for	 energy	demand	based	on	macroeconomic	 forecasting	
that	 essentially	 extrapolated	 past	 energy‐economy	 relationships	 into	 the	 future.	 These	
projections	 indicated	 very	 high	 energy	 demand	 growth	 and	 typically	 led	 to	 plans	 for	 large	
expansion	 of	 energy	 supply	 capacity.	 However,	 energy	 demand	 did	 not	 develop	 accordingly,	
prompting	research	into	the	discrepancies	between	model	projections	and	behaviour	in	reality.	
(IAEA,	 1984).	 Subsequent	 studies	 formed	 the	 basis	 of	 the	 bottom‐up	 approach	 to	 energy	
analysis,	which	involves	disaggregated	analysis	of	the	systems	that	deliver	energy	services.	By	
calculating	 energy	 demand	 in	 terms	 of	 services	 performed	 (‘useful’	 energy)	 as	 opposed	 to	
amount	 of	 energy	 supplied	 (‘final’	 energy),	 a	 better	 study	 of	 the	 substitution	 between	







i.e.	 type	 of	 vehicle,	 fuel	 and	 vintage	 that	makes	 up	 the	 vehicle	 parc	 and	 to	 some	 degree	 the	
patterns	 of	 utilisation	 of	 that	 technology.	 It	 is	 useful	 to	 treat	 passenger	 transport	 and	 freight	
transport	 separately,	 as	 the	 need	 for	 mobility	 by	 people	 and	 goods	 have	 slightly	 different	
drivers	and	technologies.		
Armenia,	 Baldoni,	 Falsini,	 and	 Taibi	 (2010)	 proposed	 a	 detailed	 systems	 dynamics	 model,	
shown	in	Figure	2,	to	represent	the	demand	for	mobility	and	energy	consumption	of	passenger	
transport.	 The	model	 includes	 a	 number	 of	 the	 drivers	 and	 interactions	which	 define	 energy	
consumption	in	passenger	transport	and	illustrates	the	complex	interactions	and	extensive	data	
needs	required	to	effectively	model	this	sector.	A	diagram	for	road	freight	transport	would	be	
very	 similar	 but	 for	 instance	 where	 environmental	 policies	 drive	 vehicle	 occupancy	 in	 the	
passenger	diagram,	environmental	and	safety	policies	would	drive	maximum	vehicle	 load	in	a	
freight	diagram.	The	major	economic	and	policy	drivers	are	however	similar	for	both	the	road	
and	 rail	 transport	modes	 and	 the	outcome	of	 the	 system,	 fuel	 consumption,	 is	 still	 the	direct	
result	of	vehicle	km	travelled	and	vehicle	fuel	efficiency.		
Several	of	the	elements	in	Figure	2	are	included	in	the	calibrated	vehicle	parc	model	discussed	
in	 this	paper.	These	 are	 the	distance	 travelled	per	 vehicle,	 the	 total	 kilometres	 travelled,	 fuel	
consumption,	 fuel	 efficiency,	 the	 total	 vehicle	 fleet,	 and	 the	 average	 age	 of	 vehicles.	 Certain	
factors	 in	 Figure	 2	 affecting	 the	 vehicle	 km	 travelled	 and	 fuel	 efficiency,	 for	 instance	 traffic	
congestion,	 are	 difficult	 to	 quantify	 as	 they	 are	 not	 well	 understood	 due	 to	 the	 limited	
availability	 of	 data.	 To	 accommodate	 the	 unknown	 influences	 the	 model	 is	 calibrated	 by	
adjusting	the	variables	until	the	output	matches	the	known	fuel	sales	data.	Once	calibrated,	we	











ultimate	 goal	 of	 projecting	 energy	 demand	 bears	 brief	 discussion	 because	 it	 influenced	 the	
selection	of	 the	software	platform	 in	which	 the	model	was	developed.	Overall,	 the	conceptual	
methodology	was	to	compile	a	model	on	a	‘bottom‐up’	basis	that	could	be	used	to	project	future	
energy	 demand	 based	 on	 a	 projected	 demand	 for	 passenger‐km	 and	 ton‐km.	 The	 model	 is	
economically	 focused	 in	 the	sense	 that	both	passenger‐km	and	 ton‐km	demand	are	driven	by	
the	transition	of	households	between	income	groups	based	on	economic	projections.	The	model	
would	 ideally	 be	 scalable	 to	 include	 new	 system	 elements	 as	 national	 and	 regional	 data	
improves.	
The	Analytica	 software	platform	was	 selected	 for	 developing	 the	model	 as	 it	 lends	 itself	 to	 a	
systems	 approach,	 catering	 for	 feedback	 relationships	 between	 system	 elements	 and	 both	






















Africa	 as	 a	 whole,	 and	 then	 by	 province.	 The	 set‐up	 and	 calibration	 of	 the	 critical	 variables	
defining	the	utilisation	of	vehicles	and	their	efficiency	in	the	model	proceeded	as	follows:		
1. Historic	 vehicle	 sales	 data	 for	 cars,	 buses	 and	 commercial	 vehicles	 was	 used	 along	 with	
scrapping	curves	to	derive	an	estimate	of	the	stock	of	vehicles	of	different	vehicle	types,	the	






equation	below.	The	 technology	 segment	 fuel	demands	were	 summed	 to	yield	 the	vehicle	
parc	demand	and	compared	to	the	recorded	fuel	sales	for	calibration	purposes.	
       




	 Df,k		 =		 Demand	for	fuel	f	in	year	k	
	 Ni,j		 =		 The	number	of	vehicles	in	technology	segment	i	with	model	year	j	(Y1	being	the	
first	model	year),	where	technologies	numbered	1	to	C	all	use	fuel	f.	
	 FCi,j		 =		 Estimated	fuel	consumption	for	technology	segment	i	with	model	year	j	
	 VKTi,j		 =		 Vehicle	kilometres	travelled	per	vehicle	in	technology	segment	i	with	model	year	
j	
4. The	fuel	demand	was	calibrated	to	match	the	known	fuel	sales	data	by	first	getting	broad	
agreement	 by	 scaling	 the	 kilometres	 travelled	 per	 vehicle	 and	 then	 fine	 tuning	 with	
adjustments	to	the	fuel	economy	assumptions.	











Data	 on	 the	 total	 registered	 vehicle	 population	 in	 South	 Africa	 is	 captured	 by	 the	 electronic	
national	 administration	 traffic	 information	 system	 (eNaTiS).	 The	 eNaTiS	 vehicle	 registration	
data	includes	six	vehicle	classes,	namely:	motorcars	and	station	wagons;	minibus;	buses	trains	
and	 midi‐buses;	 light	 duty	 vehicles,	 panel	 vans	 and	 other	 light	 vehicles	 (less	 than	 3500kg);	
trucks	larger	than	3500kg;	and	other	self‐propelled	vehicles.	The	eNaTiS	data	is	more	aggregate	
than	 the	 historic	 vehicle	 sales	 data	 available	 from	 the	 National	 Association	 of	 Automobile	
Manufacturers	 of	 South	 Africa	 (NAAMSA).	 NAAMSA	 publishes	 14	 vehicle	 classes	 cross	
referenced	to	technical	data	that	could	be	used	to	disaggregate	the	eNaTiS	data	into	additional	
subcategories.	 However,	 NAAMSA	 data	 records	 only	 vehicle	 sales	 and	 therefore	 does	 not	
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annually	 published	 State	 of	 Logistics	 reports	 (Havenga,	 Simpson,	 &	 van	 Eeden,	 2011)	 since	
2004.	 Estimates	 of	 the	 demand	 for	 passenger	 transport	 in	 passenger.km	 are	 not	 readily	
available	but	could	potentially	be	inferred	by	analysis,	for	example	from	the	trip	data	generated	
by	the	National	Transport	Master	Plan	model	(DoT,	2009).	
In	 order	 to	 check	 the	 model	 calibration,	 regional	 data	 on	 fuel	 sales	 was	 required.	 While	
aggregate	 fuel	 consumption	 by	 the	 transport	 sector	 is	 available	 through	 the	 national	 energy	
balances	 published	 by	 the	 DoE,	 there	 were	 challenges	 in	 apportioning	 fuel	 consumption	 to	























convert	 historical	 sales	 data	 into	 stock	 data.	 The	 Weibull	 cumulative	 distribution	 function,	
shown	below,	was	used	for	this	purpose.	
If:	 x	 =	 age	of	the	vehicle	
	 f(x)	 =	 the	probability	of	the	vehicle	remaining	operational	
	 α	 =	 a	constant	














Multiplying	 the	 total	 sales	 of	 a	 vehicle	 type	 in	 a	 particular	 year	 (vintage)	 by	 the	 appropriate	
scrapping	 factor	 on	 the	 curve	will	 yield	 the	 probable	 population	 in	 a	 future	 base	 year.	 Thus	
historical	 sales	 data	 can	 be	 converted	 to	 an	 approximation	 of	 stock	 in	 the	 vehicle	 parc	 for	 a	
given	year	by	substituting	the	result	of	Equation	2,	the	probability	of	a	vehicle	being	scrapped,	
in	Equation	3.	
If:	 YS	 =	 The	year	of	sale	
	 YP	 =	 The	year	for	which	the	vehicle	park	is	being	characterised	
	 VP	 =		 The	stock	of	vehicles	in	the	vehicle	parc	in	year	YP	sold	in	year	YS	
	 VS	 =	 The	number	of	vehicles	sold	in	year	YS		
(	YP	–	YS)	 =	 The	function	estimating	the	probability	of	the	vehicle	being	scrapped		
	 	
	 	 VP		=	(	YP	–	YS)	VS	 	 	 	 	 	 	 				…(Eq.	3)	
The	scrapping	curves	were	calibrated	by	iterating	the	parameters	for	the	scrapping	curves	until	
a	target	population	was	reached.	This	was	done	until	 the	converted	historical	detailed	vehicle	
sales	 data	 from	 NAAMSA	 matched	 the	 more	 aggregated	 total	 vehicle	 population	 data	 from	
eNaTiS	 for	 a	 calibration	 year	 while	 maintaining	 an	 average	 vehicle	 age	 for	 the	 model	 that	
accorded	with	 published	 data	 and	was	 continuous	with	 other	 calibration	 years.	 The	Weibull	
constants	used	for	the	vehicle	parc	model	and	the	resulting	average	age	of	vehicle	categories	in	















Year	 2010	 2002 2005	 2000
Vehicle	category	 β 	 Avg.	Age β 	 Avg.	Age Avg.	Age	 Avg.	Age
Diesel	car	 22	 3.0	 5.0 20.2 3.2 4.2 10	
Gasoline	car	 23	 2.0	 11.8 20.2 3.2 10.4
Hybrid	gasoline	car	 22	 3.0	 2.2 	
Diesel	SUV	 22	 3.0	 5.2 	
Hybrid	gasoline	
SUV	
22	 3.0	 0.7 	
Gasoline	SUV	 22	 3.0	 6.9 	
Diesel	LCV	 22	 3.0	 7.8 20.2 3.2 7.2
9.3	
Gasoline	LCV	 22	 1.4	 12.4 20.2 3.2 9.9
Diesel	MCV	 24	 3.0	 8.5
12	 11.9	Gasoline	MCV	 24	 3.0	 19.1
Diesel	HCV	 24	 3.0	 9.6
Diesel	MBT*	 23	 3.0	 3.5
13.0	
Gasoline	MBT*	 23	 3.0	 13.0 20.0 3.2 11.3
Diesel	bus	 30	 3.0	 15.4 11	




There	 is	 a	 wide	 range	 of	 average	 ages	 between	 vehicle	 classes	 but	 the	 younger	 classes,	 for	
example	diesel	cars,	diesel	minibus‐taxis	and	hybrids	reflect	 recent	sales	 that	are	a	 lot	higher	












the	 initial	annual	mileage	of	 ‘new	vehicle’	annual	mileage.	The	assumed	 ‘new	vehicle’	mileage	







to	 be	 both	 higher	 and	 lower	 for	 specific	 areas	 within	 the	 United	 States	 (Yu,	 Qiao,	 Li,	 &	 Oey,	
2002),	 good	 agreement	 was	 shown	 with	 a	 parked	 car	 study	 covering	 a	 number	 of	 sites	 in	









used	as	 the	rate	of	mileage	decay	 for	 the	South	African	vehicle	parc	model	across	all	vehicles	
classes.	The	rate	of	decay	combined	with	the	assumption	of	an	initial	‘new	vehicle’	mileage	and	
the	 age	 profile	 of	 the	model	 parc	 resulting	 from	 the	 scrapping	 assumptions	 discussed	 above	
results	in	an	estimate	of	average	annual	mileage	for	each	vehicle	class.	Clearly,	if	recent	vehicle	
sales	 have	 been	 low	 then	 this	 will	 reduce	 the	 average	 mileage	 of	 that	 class	 because	 older	
vehicles	which	cover	less	mileage	contribute	disproportionately.	After	model	calibration,	these	





































































Year	 2006	 2006 2008 2007 2003 2002 2002 1998 2002 2010 2010 2010	
Diesel	car	 24 000	 21 254 19 000 14 644 15 000 23 467 19 778 18 873 17 600 11 250 10	875	
Gasoline	car 24 000	 16 169 19 000 14 575 17 647 14 872 14 016 17 600 11 250 10	875	
Hybrid	gasoline	car 24 000	 23 678 		
Diesel	SUV	 24 000	 20 314 		
Hybrid	gasoline	SUV 24 000	 24 000 		
Gasoline	SUV 24 000	 19 128 		
Diesel	LCV	 25 000	 19 202 19 500 18 806 15 000 25 196 21 143 20 577 		
Gasoline	LCV 25 000	 16 662 19 500 14 575 21 046 17 660 16 552 		
Diesel	MCV	 45 000	 33 417 42 901 39 933 34 211 32 000 25 000 21	125	
Gasoline	MCV 25 000	 13 575 38 229 32 000 25 000 21	125	
Diesel	HCV	 70 500	 48 403 52 583 72 354 60 000 60 000 50	000	
Diesel	MBT	 50 000	 43 474 27 480 70 000 35 000 35 000 40	000	
Gasoline	MBT 50 000	 30 927 30 000 70 000 92 365 92 365 70 332 35 000 35 000 40	000	
Diesel	bus	 40 000	 22 072 35 227 28 912 61 985 60 000 60 000 40	000	












has	 a	 large	 effect	 on	 the	 model	 calibration	 due	 to	 its	 high	 modal	 share.	 The	 discrepancy	 in	
mileage	between	the	various	studies	reflects	to	some	degree	the	respective	author’s	struggles	
with	 calibrating	 their	 models	 in	 the	 absence	 of	 good	 activity	 data	 for	 these	 vehicles.	 Recent	










Abidjan	 12	000	 60	049	 86	400	
Accra	 19	200	 29	952	 79	872	
Addis	Ababa	 25	357	 53	924	 57	350	
Dakar	 7	500	 45	582	 58	006	
Dar	es	Salaam	 25	000	 70	000	
Douala	 15	000	 40	000	 50	000	
Johannesburg	 21	900	 27	260	 64	680	
Lagos	 4	260	 73	920	 72	000	












vehicles	 age	 the	 efficiency	decreases,	 but	 the	 fuel	 economy	of	 new	vehicles	 tends	 to	 improve	
over	time	as	shown	in	Table	6	below.	This	is	the	result	not	only	of	technology	becoming	more	
efficient	but	 also	because	 regulation	 is	 reducing	 vehicle	mass	and	 engine	 capacity.	 The	South	
African	vehicle	parc	is	dominated	by	models	from	Europe	and	Japan,	so	given	the	data	shown	in	
Table	6	we	might	expect	a	higher	annual	improvement	but	given	the	slower	rate	of	scrapping	in	
South	 Africa	 and	 the	 lower	 value	 of	 0.4%	 for	 the	 short	 period	 reviewed	 by	 the	 IEA,	 it	 was	
decided	 that	1%	 is	 a	 reasonable	historical	 improvement	 in	 the	 absence	 of	 local	 reliable	data.	
This	 assumption	 is	 also	 supported	by	a	British	 study	 (Kwon,	2006),	which	 suggests	 that	new	
















US	 2000–2010	 1.60% 2005–2008 1.90%	
Canada	 2000–2008	 1.28% ‐ ‐	
EU	 2000–2010	 1.90% 2005–2008 1.90%	
Japan	 2000–2009	 2.81% 2005–2008 2.20%	






just	over	22%	over	 the	20	year	period	shown.	 	Clearly,	 in	certain	 instances	 the	 fuel	 economy	








values	 shown	 above	 in	 Table	 4	 and	 then	 adjusting	 the	 2010	 fuel	 economy	 estimates	 slightly	
until	 a	 good	 match	 was	 obtained	 between	 the	 data	 for	 historical	 fuel	 sales	 to	 the	 transport	
sector	 and	 the	 fuel	 demand	 of	 the	 vehicle	 parc	 model.	 The	 adjusted	 new	 vehicle	 2010	 fuel	








































Year	 2006	 2006 2010 2008 2003 2002 2002 1998 2002 2010 2010 2010	
Diesel	car	 7.5	 7.7 8.2 6.3 7.7 5.9 6.7 6.8 9.5 7.4 9.1	
Gasoline	car 8.3	 9.1 10.5 8.4 9.3 7.5 8.6 10.8 11.6 8.9 11.1	
Hybrid	gasoline	car 6.4	 6.4 	
Diesel	SUV	 11.5	 12.0 	
Hybrid	Gasoline	SUV 7.3	 7.3 	
Gasoline	SUV 13.0	 13.7 	
Diesel	LCV	 11.5	 12.2 10.5 11.2 7.7 9.0 8.7 10.6 	
Gasoline	LCV 13.0	 14.2 13.8 14.7 10.8 13.3 12.5 	
Diesel	MCV 28.1	 30.0 17.4 17.2 25.6 23.7 28.0	
Gasoline	MCV 33.3	 38.7 31.4 	
Diesel	HCV 37.5	 40.7 31.6 47.5 41.9 36.1 33.1	
Diesel	MBT 11.4	 11.8 10.5 11.2 	
Gasoline	MBT 13.5	 15.1 11.4 14.4 12.7 15.4 15.4 16.0 18.0 18.0 16.0	
Diesel	bus	 31.2	 35.5 36.0 36.1 27.9 33.0 33.0 28.0	














review	 of	 transport	 in	 African	 cities	 published	 by	 the	 International	 Association	 of	 Public	
Transport	(2010)	offers	a	regional	perspective	and	suggests,	given	the	figures	for	Johannesburg	












Abidjan	 2.0	 60	 18	
Accra	 2.0	 68	 18	
Addis	Ababa	 3.7	 80	 11	
Dakar	 2.0	 66	 35	
Dar	Es	Salaam	 1.9	 45	 29	
Douala	 2.3	 45	 17	
Johannesburg	 1.4	 37.1	 8.5	
Lagos	 1.8	 43	 18	























Year	 Units	 2006 2010 2003 2010 2010	 2010
Diesel	car	 pass/veh	 1.4 1.40 2.10 1.47* 1.61*	 1.77*
Gasoline	car	 pass/veh	 1.4 1.40 2.10 1.47* 1.61*	 1.77*
Hybrid	gasoline	car	 pass/veh	 1.4 		
Diesel	SUV	 pass/veh	 1.4 		
Hybrid	gasoline	SUV	 pass/veh	 1.4 		
Gasoline	SUV	 pass/veh	 1.4 		
Diesel	MBT	 pass/veh	 14 12 35 6.00 8.40	 10.70
Gasoline	MBT	 pass/veh	 14 12 15 6.00 8.40	 10.70
Diesel	bus	 pass/veh	 25 40 35 12.00 16.70	 22.00
Motorcycle	 pass/veh	 1.1 1.20 1.20	 1.40
Diesel	LCV	 ton/veh	 0.5 2.10 		
Gasoline	LCV	 ton/veh	 0.5 2.10 		
Diesel	MCV	 ton/veh	 2.5 2.20 1.60	 1.70
Gasoline	MCV	 ton/veh	 2.5 2.20 1.60	 1.70







Once	 the	 scrapping	 factors,	 vehicle	mileage	and	mileage	decay	parameters,	 and	 fuel	 economy	
parameters	 had	 been	 estimated	 nationally,	 they	 were	 transferred	 to	 a	 provincially	
disaggregated	 version	 of	 the	 model.	 In	 the	 provincially	 disaggregated	 version,	 the	 scrapping	
factors	determined	in	the	national	model	are	applied	to	the	provincially	disaggregated	NAAMSA	
vehicle	sales	data	 to	obtain	an	 initial	estimate	of	 the	vehicle	population	 in	each	province.	The	
result	was	compared	to	the	provincially	disaggregated	eNaTiS	vehicle	parc	figures	to	calculate	a	
correction	factor	to	explain	the	‘net‐migration’	of	cars	across	provinces	after	they	are	sold.	For	







generated	some	 interesting	aggregate	statistics	allowing	 for	 the	profiling	of	 the	South	African	




































































Public	 		 		 		 		 		 		 		
Large	Bus	 22.1	 0.63	 28.5	 25	 15.7	 6%	 10%	
MBT	 269.3	 8.38	 31.1	 14	 117.4	 42%	 40%	
Train*	 		 		 		 		 13.9b	 5%	 8%	
Air*	 		 14.30c	 		 80%d	 11.4	 4%	 1%	
TOTAL	 		 		 		 		 158.4	 		 		
Private	 		 		 		 		 		 		 		
Pass.	Car	 4488.5	 73.2	 16.3	 1.4	 102.5	 43%	 40%	
SUV	 498.4	 9.7	 19.5	 1.4	 13.6	 		 		
M/cycle	 266.3	 2.22	 8.3	 1.1	 2.4	 		 		
TOTAL	 		 		 		 		 118.6	 		 		








The	 total	 vehicle	 km	 generated	 by	 the	model	 by	 vehicle	 types	 also	 allows	 us	 to	 estimate	 the	
utilisation	of	 the	 road	 freight	 fleet	 in	 ton.km	per	 annum	 for	 the	base	year	as	 shown	below	 in	




would	 of	 course	 compromise	 the	 diesel	 fuel	 sales	 calibration	 and	 it’s	 thus	 likely	 that	 the	
discrepancy	between	the	models	stems	from	load	factor	assumptions.	Total	load	factors	even	in	
Europe,	where	fuel	costs	put	pressure	on	margins,	are	generally	in	the	region	of	50%	(Leonardi,	
Rizet,	 Browne,	 Allen,	 Pérez‐Martínez,	 &	 Worth,	 2009),	 (IFEU	 Heidelberg,	 Öko‐Institut,	 IVE,	
RMCON,	2011)	and	very	variable	for	the	type	of	freight	and	are	thus	difficult	to	assess.	It	is	also	
not	 known	whether	 the	 State	 of	 Logistics	 figure	 includes	 ton.km	of	 freight	moved	 around	on	







































































































































The	 largest	 discrepancies	 in	 the	 provincial	 data	were	 for	 diesel	 consumption	 in	Gauteng	 and	
Kwazulu‐Natal	 which	 reflects	 the	 difficulty	 in	 apportioning	 diesel	 consumption	 provincially	
with	 the	 high	 volume	 of	 freight	 transported	 along	 the	 corridor	 between	 these	 two	provinces	
from	the	harbor	in	Durban	to	the	industries	of	the	Vaal	Triangle.		
Conclusions 
A	vehicle	parc	model	with	 energy	demand	 calibrated	over	 seven	historical	 years	 from	2003–
2009	has	been	compiled	for	South	Africa.	Calibration	results	at	national	level	appear	excellent	











a	 further	 improvement	 envisioned	 for	 the	 model	 will	 be	 to	 integrate	 this	 in	 the	 vehicle	 km	
demand	function.	

























































































































































































































the	 level	 of	 its	 need	 to	 move	 people	 and	 goods,	 and	 on	 the	 level	 that	 a	 growing	 economy	
facilitates	private	travel.	
In	many	countries,	the	considerable	infrastructure	required	for	a	multi‐modal	transport	system	
is	 taken	 for	 granted	as	 a	 feature	of	daily	 life	 and	yet	 as	populations	 and	economies	grow	 the	
demands	on	this	 infrastructure,	 its	extent	and	complexity,	all	grow	too.	This	places	 increasing	
stress	on	infrastructure	planning	and	drives	the	necessity	for	ever	improved	projections	of	the	
future	 demand	 for	 transport	 and	 the	 energy	 required	 to	 meet	 that	 demand.	 This	 paper	
describes	 the	 development	 of	 projections	 of	 demand	 for	 transport	 in	 South	 Africa.	 The	














would	 seem	 that	 the	 number	 of	 registered	 vehicles	 has	 tracked	 GDP	 more	 closely	 than	
population	and	that	the	growth	in	registered	vehicles	and	GDP	at	around	3–4%	annualized	has	
outstripped	population	 growth	 at	 around	1.2–1.5%	annualised.	Given	 that	 the	 vehicle	parc	 is	










The	 energy	 demand	 of	 the	 growing	 pool	 of	 registered	 vehicles	 is	 driven	 by	 two	 factors:	 the	
distance	travelled	by	vehicles	and	their	energy	conversion	efficiency.	The	distance	travelled	is	in	
turn	 driven	 by	 the	 needs	 of	 society	 and	 the	 economy	 to	 move	 people	 and	 goods	 around.	
Conversion	efficiency	depends	mostly	on	the	underlying	technology,	i.e.	type	of	vehicle,	fuel	and	























Methodology	 section	of	 this	 paper.	 The	paper	 goes	on	 to	describe	 the	development	 of	 a	 time	
budget	 model	 model	 which	 is	 used	 to	 populate	 scenarios	 with	 the	 goal	 of	 answering	 the	
following	questions	spanning	a	period	to	2050:		
1. What	 are	 the	 future	 trends	 in	 demand	 for	 road,	 rail	 and	 air	 passenger	 transportation	 in	
South	Africa,	with	a	focus	on	road	transportation?	












availability	 of	 cheap	 and	 accessible	 energy.	 Clearly,	 predicting	 future	 consumption	 patterns,	
particularly	 in	 the	 context	 of	 climate	 change	 and	 the	 diminishing	 abundance	 of	 oil,	 is	 a	 very	
challenging	task.	In	building	up	the	components	of	a	model,	the	developer	will	typically	look	for	






































2007)	 pooled	 an	 extensive	 dataset	 from	 45	 countries	 representing	 75%	 of	 the	 world’s	
population	 to	derive	constants	 for	 the	Gompertz	curve	 in	Equation	1	above	 for	major	current	
and	future	vehicle	markets.	They	found	a	good	fit	to	their	data	set	by	varying	β	and	fixing	the	
other	constants	with	a	fixed	value	of	ϒ	being	set	to	852	but	adjusted	by	a	factor	dependent	on	


























United	States	 812	 849	 0.2	 234 314 1.1 288 370	 0.9	 2.1
Germany	 586	 705	 0.7	 48.3 57.5 0.6 83 82	 0.0	 1.7
Australia	 632	 772	 0.7	 12.5 18.4 1.4 20 24	 0.7	 2.3
Brazil	 121	 377	 4.1	 20.8 83.7 5.1 171 222	 0.9	 2.9
Egypt	 38	 142	 4.9	 2.5 15.5 6.7 68 109	 1.7	 2.3
South	Africa	 152	 395	 3.5	 6.9 16.7 3.2 45 42	 ‐0.3	 2.7
China	 16	 269	 10.6	 20.5 390 11.1 1285 1451	 0.4	 4.8
India	 17	 110	 7.0	 17.4 156 8.1 1051 1417	 1.1	 3.5
Total	World	 130	 254	 1.6	 812 2080 3.4 6237 8199	 1.0	 1.7
	
Of	 the	 selected	 countries,	 only	 South	 Africa	 was	 modelled	 as	 having	 a	 negative	 population	
growth	rate,	an	outcome	that	now	seems	highly	unlikely	considering	the	population	has	since	
grown	 to	 exceed	 50	million.	 If	 our	 recent	 historical	 population	 growth	 rate	 of	 1.2%	were	 to	
persist	 till	 2030,	 the	 resulting	 population	 would	 be	 nearly	 63	 million.	 The	 motorisation	
predicted	by	this	model	would	return	a	vehicle	population	of	24.8	million	vehicles,	implying	an	
annual	 growth	 rate	 of	 vehicles	 of	 4.7%	 per	 annum.	 By	 comparison	 the	 average	 annualised	
growth	rate	in	registered	vehicles	in	South	Africa	between	1999	and	2010	was	3.6%.	
We	have	seen	that	historically,	as	societies	become	wealthier	they	acquire	more	vehicles,	mostly	















from	 employment	 nodes,	which	 suggests	 that	 the	 travel	 time	 budget	 in	 South	 Africa	may	 be	
different.	Victor	and	Schafer	however	argue	that	the	share	of	travellers	to	total	population	tends	
to	be	lower	in	low‐income	groups	and	therefore	the	time	budget	when	converted	to	an	average	
per	 person	 in	 the	 population	 is	 similar	 to	 high‐income	 groups.	 This	 has	 been	 eloquently	
expressed	by	Schafer	as	follows	(Schafer,	2006):	
Although	 the	 amount	 of	 time	 spent	 traveling	 is	 highly	 variable	 on	 an	 individual	 level,	
large	groups	of	people	spend	about	5	percent	of	their	daily	time	traveling…..	On	average,	
residents	in	African	villages,	the	Palestinian	Territories,	and	the	suburbs	of	Lima	spend	




people	 shift	 from	 slow	 non‐motorised	 modes	 to	 motorised	 travel.	 As	 this	 shift	 tends	 to	






Average	 vehicle	 fuel	 economy	 is	 a	 factor	 of	 several	 variables,	 as	 vehicles	 age	 the	 efficiency	













US	 2000–2010	 1.60% 2005–2008 1.90%	
Canada	 2000–2008	 1.28% – ‐	
EU	 2000–2010	 1.90% 2005–2008 1.90%	
Japan	 2000–2009	 2.81% 2005–2008 2.20%	
South	Africa	 ‐ ‐ 2005–2008 0.40%	
	
This	is	the	result	not	only	of	technology	becoming	more	efficient	but	also	because	regulation	is	




maintaining	 power	 by	 turbocharging	was	 expected	 to	 reduce	 fuel	 economy	 by	 7%	 for	 diesel	
cars	 and	 12%	 for	 gasoline	 passenger	 cars.	 These	 two	 measures	 combined	 could	 therefore	
account	for	a	1%	annualized	improvement	for	about	20	years	for	gasoline	cars.	Giving	way	on	
engine	 capacity	 and	power	 together,	 conceding	performance	will	 offer	 even	 greater	 potential	
benefits	if	this	were	to	be	driven	by	legislation.	
A	 Joint	 Transport	Research	Centre	 study	 (JTRC,	 2008)	 that	modelled	CO2	 emissions	 from	 the	
world	transport	fleet	using	the	IEA’s	MoMo	model	adopted	a	29%	fuel	economy	improvement	
between	 2005	 and	 2050	 as	 the	 most	 likely	 scenario	 which	 equates	 to	 a	 0.75%	 annualized	
























‐0.5%	 ‐17% 8.6 7.0	
‐1.0%	 ‐32% 8.6 5.8	
‐1.5%	 ‐44% 8.6 4.7	
‐2.0%	 ‐54% 8.6 3.8	







The	 South	African	 vehicle	 parc	 is	 dominated	by	models	 from	Europe	 and	 Japan,	 so	 given	 the	
data	for	those	markets	shown	in	Table	6	above	we	might	expect	a	higher	annual	improvement	
than	the	low	value	of	0.4%	for	the	short	period	reviewed	by	the	IEA.	This	may	reflect	a	slower	
rate	of	scrapping	and	a	preference	 for	 larger	vehicles	 in	South	Africa.	 It	was	decided	 that	1%	
was	 a	 reasonable	 historical	 improvement	 for	 the	 calibration	 of	 the	 vehicle	 parc	model	 in	 the	
absence	 of	 local	 reliable	 data.	 This	 assumption	 is	 also	 supported	 by	 a	 British	 study	 (Kwon,	
2006),	 which	 suggests	 that	 new	 passenger	 vehicles	 and	 light	 commercial	 vehicles	 had	 an	













model.	 This	 provided	 a	 good	 foundation	 from	 which	 to	 project	 future	 fuel	 demand	 by	 the	
transport	sector	when	augmented	with	the	following	key	assumptions:	
 Projected	total	passenger	and	commercial	vehicle	sales.	




























technologies	 and	 the	 activity	 level	 of	 those	 classes	 and	 technologies.	 This	 model	 has	 been	
described	 in	 detail	 in	 Section	 1	 but	 a	 brief	 review	 here	 is	 warranted.	 Fuel	 demand	 was	
calculated	by	multiplying	the	kilometers	travelled,	the	vehicle	technology	fuel	efficiency	and	the	
number	 of	 vehicles	 in	 the	 vehicle	 technology	 segment	 as	 shown	 in	 the	 equation	 below.	 The	











The	 fuel	 demand	 calculation	 and	 model	 calibration	 process	 therefore	 required	 a	 number	 of	
assumptions	to	populate	the	three	variables	in	Equation	1,	N	the	number	of	vehicles,	VKT,	their	
mileage	and	FC	their	fuel	economy:	
1. A	vintage	profile	 derived	 from	 realistic	 scrapping	 curves	 that	 enabled	 vehicle	 stock	 to	 be	
estimated	 from	 historical	 vehicles	 sales	 disaggregated	 by	 vehicle	 type.	 The	 curves	 were	
calibrated	so	that	the	stock	estimate	closely	matched	a	vehicle	registration	database.	





The	 assumptions	 required	 an	 extensive	 review	 of	 literature	 and	 data	 sources	 to	 estimate	
plausible	 initial	 values.	 The	 model	 was	 calibrated	 so	 that	 the	 model’s	 vehicle	 population	
matched	 the	vehicle	 registration	database	 and	 the	model	 fuel	demand	matched	 the	 fuel	 sales	





































Large	bus	 22.1	 0.63	 28.5	 25	 15.7	 6	 10	
MBT	 269.3	 8.38	 31.1	 14	 117.4	 42	 40	
Train*	 		 		 		 		 13.9b	 5	 8	
TOTAL	(excl.	
air)	
	 	 	 	 147.0	 	 	
Private		
Pass.	car	 4488.5	 73.2	 16.3	 1.4	 102.5	 43	 40	
SUV	 498.4	 9.7	 19.5	 1.4	 13.6	 		 		
M/cycle	 266.3	 2.22	 8.3	 1.1	 2.4	 		 		
TOTAL	 		 		 		 		 118.6	 		 		
GRAND	TOTAL	
(excl.	air)	
	 	 	 	 265.5	 	 	




























Diesel	LCV	 25	000	 19	202 0.5 566.1	 5.4
Gasoline	LCV	 25	000	 16	662 0.5 1 070.4	 8.9
Diesel	MCV	 45	000	 33	417 2.5 106.2	 8.9
Gasoline	MCV	 25	000	 13	575 2.5 7.9 0.3









transport	 over	 low	 speed	 public	modes	 is	 strongly	 related	 to	 household	 income.	 The	
low‐income	 group	 includes	 households	with	 income	 of	 up	 to	 R19	 000	 per	 annum	 (in	




 Assumptions	 around	 ratios	 of	 public	 and	 private	 transport,	 average	 speed	 and	 travel	
time	budget	were	made	 for	each	of	 the	 income	groups	and	used	 to	calculate	 their	net	
























FT_ij	 =	 Total	 Fraction	 of	 annual	 time	 budget	 spent	 travelling	 in	 on	mode	 j	 by	 income	
group	i.	
Nij,	for	the	private	travel	mode,	which	is	the	number	of	people	with	access	to	a	private	vehicles	
























Annual	income	(percentile)	 (%)	 50% 30% 20% 	 	
Population	 million	 23.44 14.06 9.37 	 46.88	
Car	ownership/access	 %	of	pers 7% 23% 78%a	 	 26%	 26%b	
Cars	per	person	with	access	
to	car	
cars/pers 0.25 0.30 0.40 	 	
Calculated	total	cars	 m		veh	 0.41 0.96 2.94 0.68	 4.987	 4.987c	
M/cycle	ownership	 %	of	pers 0.1% 0.4% 1.4% 	 	
Total	m/cycles	 m	veh	 0.03 0.06 0.13 0.05	 0.27	 0.27c	
Persons	with	access	to	a	
private	vehicle	
	 7% 23% 79% 	 	
Private	vehicles/person	
with	access	to	vehicle	




















There	 is	 a	 sparsity	 of	 data	 which	 shows	 representative	 average	 speeds	 of	 traffic	 on	 South	
African	roads.	Clearly	local	circumstances	as	regards	congestion	and	road	type	are	enormously	
variable,	and	establiishing	average	speeds	on	all	roads	would	be	an	immense	undertaking.	In	a	
study	which	developed	a	speed	based	emission	 inventory	model	 for	 the	City	of	 Johannesburg	
Goyns	(2008)	sampled	the	speed	of	thirty	vehicles	for	a	total	of	716	hours	covering	29	587	km	
in	 2006/2007.	 The	 results	 indicated	 an	 average	 trip	 duration	 of	 17	minutes,	 an	 average	 trip	
distance	of	11.5	km	and	an	average	speed	of	41	km/h	(Goyns,	2008).	The	 time	budget	model	
was,	however,	as	one	would	expect,	very	sensitive	to	average	speed	and	the	speeds	measured	





Phase Distance Time Average	
Speed	
(km/h)	(km) [sec]
1	(ECE	15)	 4.052 780 18.7	
2	(EUDC)	 6.955 400 62.6	








South	 Africa	 are	 higher	 and	 that	 for	 the	 time	 being	 the	 time	 budget	 of	 private	 travelers	 in	
particular	 is	moderately	 less	 than	1.1	hours	per	day	but	 it	 is	proposed	 that	 a	 calibrated	 time	

















Ti	(hours/day/person)b	 1.1	 1.1 1.1 	
Annual	travel	daysc	 300	 300 300 	
Ti	(hours/year/person)	 330.00	 330.00 330.00 	
2.	Public – no	access	to	car
Fw_ij	d	 42%	 42% 42% 	
FT_ij	 100%	 100% 100% 	
Fij	 58%	 58% 58% 	
Sj	(km/h)	 20	 20 20 	
Ni	(106	persons)e	 21.77	 10.82 1.94 	
PKMij	(109	p.km)	 83.34	 41.42 7.41 132.17	
3.	Public – access	to	car
Fw_ij	d	 42%	 42% 42% 	
FT_ij	 75%	 48% 11% 	
Fij	 44%	 28% 6% 	
Sj	(km/h)	 20	 20 20 	
Ni	(106	persons)e	 1.67	 3.24 7.44 	
PKMij	(109	p.km)	 4.79	 5.96 3.13 13.9	
Total	public	PKM	(109	
p.km)	
88.13	 47.38 10.54 146.1	 147.0a	
4.	Private
Fw_ij	 0.00	 0.00 0.00 	
FT_ij	d	 25%	 52% 89% 	
Fij	 25%	 52% 89% 	
Sj	(km/h)	 34	 34 34 	
Ni	(106	persons)e	 1.67	 3.24 7.44 	
PKMij	(109	p.km)	 4.6830	 18.92 74.26 18.87f	 116.7	 118.6a	






















While	 this	 sub‐model	 could	 arguably	 be	 more	 disaggregated	 it	 is	 appropriate	 to	 local	 data	
availability	and	is	a	great	improvement	on	the	assumption	of	simple	linear	growth	of	passenger	
travel	 demand	with	 population	 growth	 that	 underpins	many	 projections	 of	 transport	 energy	
demand.	
Projection of income group splits – the computable general equilibrium model 
Computable	 general	 equilibrium	 (CGE)	 models	 have	 been	 used	 for	 policy	 analysis	 in	 many	
countries	including	South	Africa.	The	premise	of	these	models	is	to	simulate	the	functioning	of	a	
market	 economy	 by	 modeling	 the	 interactions	 of	 producers	 across	 all	 sectors,	 households,	
government	 and	 the	 rest	 of	 the	 world	 through	 prices	 and	 capital	 flows.	 Their	 general	
application	is	to	assess	the	impacts	of	a	policy	or	project	that	affects	the	output	or	cost	of	one	
good	or	service	on	the	economy	as	a	whole,	across	all	these	sectors.	
A	 CGE	 model	 for	 South	 Africa	 has	 been	 developed	 to	 study	 the	 economic	 implications	 of	
introducing	carbon	taxes	in	South	Africa	for	the	purpose	of	greenhouse	gas	emissions	mitigation	
(Alton,	et	al.,	2012).	Our	study	used	this	CGE	model	to	estimate	the	probable	future	evolution	of	
household	 income	 in	 South	 Africa,	 for	 the	 3	 income	 groups	 used	 by	 the	 travel	 time	 budget	
model,	given	a	moderate	and	stable	GDP	growth	of	3.9%	between	2010	and	2025.		










The	CGE	model’s	 time	horizon	 extended	only	 to	 2030,	 so	 it	was	necessary	 to	 extrapolate	 the	
trend	in	population	change	in	income	groups	to	2050.	As	the	CGE	model	presents	results	in	14	
deciles	so	it	was	necessary	to	map	the	results	to	the	three	groups	required	for	the	time	budget	












It	 is	 evident	 from	Figure	15	 that	by	2025	all	 but	 the	 lowest	 income	decile	of	households	will	




which	 has	 important	 implications	 for	 the	 growth	 of	 private	 travel	 as	 modelled	 by	 our	 time	
budget	model.	
The	household	 consumption	 thresholds	 shown	 in	Figure	15	were	 set	 to	map	 the	CGE	 split	 of	
households	 to	 the	 the	 National	 Household	 Travel	 Survey	 which	 furnished	 some	 of	 the	 most	
critical	 assumptions	 in	 the	 time	budget,	 specifically	 those	 around	access	 to	private	 transport.	
Table	22	shows	the	mapping	of	the	five	groups	in	the	National	Household	Travel	Survey	to	the	3	

















































































R153	601‐R307	200	 6.1%	 R	208	067	 2%	






R1	228	801‐R2	457	600	 0.4%	 R	364	406	 2%	






households	 but	 as	 the	 consumption	 of	 deciles	 rises	 in	 future	 years	 and	 they	 exceed	 the	 fixed	








The	household	consumption	projections	 therefore	 indicate	 that	 there	will	be	no	people	 left	 in	
the	lower	income	group	by	2045	and	that	the	high	income	group	will	dominate	with	nearly	70%	
of	 households	 by	 2050.	 Our	 time	 budget	 model	 requires	 population	 not	 households	 and	
therefore	conversion	of	the	household	fraction	into	a	population	fraction	is	required.	This	was	
done	using	 the	 assumptions	 for	 household	 size	 of	 deciles	 from	 the	 StatsSA	2005	 Income	 and	
Expenditure	 Survey	 (StatsSA,	 2006).	 Lower	 income	 households	 are	 larger	 so	 that	 population	
leads	household	fraction	for	the	low	income	group	but	lags	it	for	the	high	income	group	while	
































rural,	 urban	 and	 bulk	 mining	 freight.	 This	 was	 combined	 with	 the	 road	 freight	 demand	
estimated	by	the	vehicle	parc	model	as	shown	in	Table	13	and	the	road/rail	splits	for	corridor	




















Transport	freight	by	road	–	MCV	 9 26% 26%	
Transport	freight	by	rail	–	other	 26 74% 74%	
Road	vs	rail – corridor	freight#
Transport	freight	by	road	HCV*	 120 81% 81%	
Transport	freight	by	rail	corridor	 28 19% 19%	











are	 simply	 extrapolated	 over	 the	 period	 of	 study.	 In	 the	 base	 case,	 conversion	 efficiencies	
improve	 at	 current	 rates,	 economic	 growth	 trends	 persist,	 consumer	 preferences	 and	 habits	
don’t	change	resulting	in	unchanged	fractional	shares	of	different	transport	modes	and	energy	
prices.	
Once	 the	 reference	 case	 is	 established,	 one	 can	 develop	 a	multitude	 of	 different	 scenarios	 to	
express/explore	a	range	of	possible	futures,	and	their	consequences,	mainly	in	terms	of	demand	
for	 fuels/energy	 carriers	 and	 associated	 emissions.	 Examples	 of	 scenarios	 include:	 different	
assumptions	about	economic	growth,	urbanisation	rates,	consumer	preferences,	improvements	
in	 conversion	 efficiencies,	 modal	 shifts,	 and	 energy	 prices	 that	 possibly	 result	 in	 demand	
changes.		
There	are	a	large	number	of	possible	scenarios	but	for	this	study	a	generalized	alternative	“high	



























First	 a	 projection	 for	 vehicle‐km	 is	 calculated	 for	 each	 demand	 using	 an	 occupancy	
(passenger/veh	for	passenger	vehicles)	or	load	factor	(tons/veh	for	freight):	
														 	 	 	 	 	 	 	 …(Eq.	9a)	







Then,	 each	 year,	 the	 shortfall	 in	 vehicle‐km	 capacity	 for	 each	 demand	 i	 (e.g.	 private	 cars)	 is	
calculated	by	taking	the	difference	between	the	capacity	of	the	vehicle	parc	for	demand	i	in	that	
year	and	the	vehicle‐km	demand	projection	for	that	year,	and	used	to	calculate	the	total	vehicle	
sales	 for	vehicles	that	year.	Since	vehicle	vintages	are	tracked,	 the	 ‘sales’	calculation	 is	 for	the	
vintage	for	that	year.	





AFtiv	 =	 Average	km/year	that	vehicles	vintage	v	 is	expected	to	drive	(this	decreases	as	
the	vehicles	get	older).	
	
Then	 shares	 of	 the	 sales	 for	 technologies	 competing	 for	 a	 particular	 demand	 are	 imposed	
(different	 ones	 for	 different	 ones	 for	 different	 scenarios)	 exogenously.	 Assuming	 that	 all	
technologies	for	a	particular	vintage	have	the	same	capacity	(drive	the	same	number	of	km	per	























vehicle‐km	 is	 over	 20%	 by	 2020	 and	 over	 40%	 by	 2050	 compared	with	 the	 Reference	 case.	
Figure	18	and	Figure	19	show	a	graphical	representation	of	the	same	results,	where	the	overall	
drop	in	p.km	and	the	mode‐shifts	that	occur	are	more	apparent.	
Table	25	 shows	 the	evolution	of	 the	 freight	 travel	demand	 that	 results	 from	 the	assumptions	







		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Variable	 Annual	passenger	travel	demand	projections	(bil	p‐km)	
Car	 114.8	 147.0	 207.8	 281.2	 375.4 114.8	 133.2	 169.7	 206.6	 244.4	
SUV	 15.3	 19.5	 27.6	 37.4	 49.9	 15.3	 15.1	 17.2	 18.4	 21.7	
Motorbike	 2.7	 3.5	 5.0	 6.7	 9.0	 2.7	 3.1	 3.9	 4.7	 5.6	
Bus	 16.2	 17.8	 18.5	 12.6	 5.8	 16.2	 18.5	 19.6	 13.1	 3.3	
Minibus	 121.4	 133.4	 138.6	 116.5	 90.1	 121.4	 138.2	 146.8	 120.8	 84.4	
BRT	 0.0	 6.6	 17.1	 28.4	 32.5	 0.0	 6.6	 23.9	 59.9	 108.7	
Rail	 14.4	 15.8	 16.5	 16.8	 16.9	 14.4	 16.4	 17.5	 17.4	 18.0	
Gautrain	 0.0	 1.0	 1.3	 1.7	 2.1	 0.0	 1.0	 4.4	 12.0	 22.9	
Total	 284.8	 344.6	 432.3 501.2 581.7 284.8 332.2 402.9	 452.9	 509.0
Variable	 Annual	passenger	road	vehicle‐km	projections	(bil	veh‐km)	
Car	 82.0	 105.0	 148.4	 200.9	 268.2 82.0	 92.8	 115.4	 137.1	 158.2	
SUV	 10.9	 14.0	 19.7	 26.7	 35.6	 10.9	 10.6	 11.7	 12.2	 14.1	
Motorbike	 2.0	 2.5	 3.5	 4.8	 6.4	 2.0	 2.2	 2.7	 3.1	 3.6	
Bus	 0.6	 0.7	 0.7	 0.5	 0.2	 0.6	 0.7	 0.7	 0.5	 0.1	
Minibus	 8.7	 9.5	 9.9	 8.3	 6.4	 8.7	 9.4	 9.5	 7.5	 5.2	




		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Variable	 Annual	freight	demand	projections	(bil	ton‐km)	
Lcv	 16	 23	 31	 44	 57	 16	 23	 31	 44	 57	
Mcv	 10	 14	 20	 28	 36	 10	 14	 18	 24	 30	
HCV	(corridor)	 137	 189	 261	 366	 478	 137	 179	 235	 314	 389	
Rail	corridor	 32	 44	 61	 85	 111	 32	 53	 86	 138	 200	
Rail	other	 30	 41	 56	 79	 103	 30	 42	 58	 83	 110	
Rail	export	 67	 76	 105	 147	 212	 67	 76	 105	 147	 212	
Total	 292	 386	 534	 750	 998	 292	 386	 534	 750	 998	
Variable	 Annual	road	freight	vehicle‐km	projections	(bil	veh‐km)	
LCV	 33	 45	 62	 88	 114	 33	 45	 62	 88	 114	
MCV	 4	 6	 8	 11	 15	 4	 5	 7	 10	 12	













































































































































































		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Car	 222	 308	 743	 1008	 1352	 222	 300	 597	 740	 887	
SUV	 49	 35	 81	 110	 144	 49	 37	 44	 49	 62	
Motorbike	 10	 22	 47	 64	 85	 10	 20	 38	 46	 55	
Minibus	 7	 13	 23	 18	 13	 7	 15	 21	 15	 10	
Bus	 0.5	 0.7	 1.6	 0.8	 0.3	 0.5	 0.7	 1.6	 0.7	 0.2	
BRT	 0.0	 0.5	 1.9	 3.0	 2.9	 0.0	 0.5	 2.6	 5.9	 10.0	
LCV	 96	 134	 327	 468	 608	 96	 134	 327	 468	 608	
MCV	 8	 9	 21	 30	 39	 8	 8	 19	 26	 31	
HCV	 12	 12	 30	 42	 55	 12	 12	 27	 36	 44	
Total	 288	 379	 898	 1203	 1598	 288	 373	 705	 857	 1024	
	
Table	27	shows	the	vehicle	parc	size	taking	into	account	the	sales	of	new	vehicles	and	scrapping	






		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Cars	 4	955	 6	596	 8	592	 11	240	 14	860 4	955	 6	017	 7	281	 8	559	 10	046	
SUVs	 578	 782	 966	 1227	 1601	 578	 627	 625	 610	 704	
Motorbikes	 250	 337	 454	 606	 810	 250	 305	 370	 441	 524	
Minibuses	 271	 288	 277	 230	 178	 271	 282	 269	 208	 145	
Buses	 28.2	 30.6	 30.9	 21.9	 10.6	 28.2	 30.3	 29.9	 20.0	 6.9	
BRTs	 0.0	 8.7	 24.3	 41.6	 50.4	 0.0	 8.3	 29.9	 72.8	 136.4	
LCVs	 1864	 2592	 3366	 4513	 5821	 1864	 2592	 3366	 4513	 5821	
MCVs	 130	 188	 243	 330	 430	 130	 181	 221	 284	 351	
HCVs	 185	 261	 338	 461	 600	 185	 249	 307	 396	 491	






























































































		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Gasoline	cars	 9.0	 8.4	 7.5	 6.7	 6.1	 9.0	 7.8	 6.2	 4.9	 4.0	
Diesel	cars	 7.5	 7.0	 6.2	 5.6	 5.1	 7.5	 6.1	 4.8	 3.9	 3.2	
Gasoline	SUVs	 13.4	 12.3	 10.8	 9.7	 8.7	 13.4	 11.9	 9.3	 6.9	 5.4	
Diesel	SUVs	 11.5	 10.3	 9.0	 8.1	 7.3	 11.5	 9.7	 7.5	 5.9	 4.9	
Gasoline	motos	 5.4	 4.9	 4.4	 3.9	 3.6	 5.4	 4.5	 3.5	 2.9	 2.4	
Diesel	bus	 33.9	 30.0	 26.7	 24.0	 21.9	 33.9	 28.6	 23.4	 19.1	 16.0	
Diesel	MBT	 11.3	 10.3	 9.3	 8.4	 8.0	 11.3	 9.2	 7.4	 6.1	 5.5	
Gasoline	MBT	 14.5	 12.8	 11.2	 10.0	 9.0	 14.5	 12.0	 9.4	 7.5	 6.1	
		





		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Diesel	HCV	 39.1	 34.8	 30.7	 27.5	 24.8	 39.1	 32.5	 25.5	 20.3	 16.6	
Diesel	MCV	 28.7	 25.4	 22.1	 19.7	 17.9	 28.7	 23.7	 18.4	 14.6	 11.9	
Diesel	LCV	 11.7	 10.4	 9.1	 8.2	 7.4	 11.7	 9.6	 7.4	 6.0	 4.9	
Gasoline	LCV	 13.9	 12.5	 11.1	 9.9	 8.9	 13.9	 11.6	 9.2	 7.3	 5.9	
	
Table	30	shows	 the	resulting	projected	 fuel	 sales.	Given	 the	above,	 gasoline	 is	 set	 to	grow	by	
33%	by	2030	and	85%	by	2050	in	the	Reference	case.	In	the	Alternative	case,	however,	a	very	
different	 picture	 arises,	where	 a	 drop	 in	 projected	 sales	 of	 gasoline	 is	 observed,	 dropping	 by	
22%	in	2030	and	over	35%	by	2050.	This	is	driven	by	the	combination	of	measures,	which	shift	
passengers	from	private	to	public,	road	to	rail	and	the	incentives	put	in	place	on	diesel,	CNG	and	
electric	 vehicles.	 In	 the	 Reference	 case,	 diesel	 grows	 by	 57%	 and	 143%	 in	 2030	 and	 2050	
respectively.	The	growth	in	the	Alternative	case	is	more	moderate	at	26%	and	40%	in	2030	and	
2050	respectively.	












		 2010	 2020	 2030	 2040	 2050 2010	 2020	 2030	 2040	 2050
Gasoline	(bil.litres)	 11.9	 13.3	 15.9	 18.8	 22.0	 11.9	 10.8	 9.4	 8.4	 7.5	
Diesel	(bil.litres)	 7.6	 9.5	 12.0	 15.0	 17.8	 7.6	 8.4	 9.2	 9.9	 10.2	
Kerosene	(bil.litres)	 2.5	 3.2	 4.1	 4.4	 4.6	 2.5	 3.2	 4.1	 4.4	 4.6	
Electricity	(TWh)	 4.1	 5.5	 7.3	 10.0	 13.0	 4.1	 6.0	 9.0	 13.0	 17.4	








transport	and	 freight.	Note	 that	 this	 is	CO2	emissions	at	 the	point	of	combustion,	and	that	 the	




and	 2050	 respectively,	 despite	 the	 1%	 annual	 fuel	 economy	 improvements.	 This	 is	 largely	
because	of	 the	higher	motorisation	rates	 that	are	seen.	The	 intensity	 improvements	are	much	
more	 significant	 in	 the	 Alternative	 case,	 at	 28%	and	 47%	by	 2030	 and	 2050	 respectively.	 In	
freight,	however,	the	intensity	 improvements	 in	the	Reference	case	are	more	significant	(18%	




















































































		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Passenger	private	 21.2	 25.2	 31.7	 38.5	 46.5	 21.2	 19.8	 18.5	 17.1	 16.1	
Passenger	public	 9.7	 11.4	 13.8	 13.8	 13.6	 9.7	 11.1	 13.1	 13.1	 13.2	
Freight	 24.2	 29.7	 36.2	 45.5	 53.7	 24.2	 26.5	 27.8	 30.4	 31.5	




		 2010	 2020	 2030 2040 2050 2010 2020	 2030	 2040	 2050
Passenger	(kg	CO2/pkm) 108.6	 106.2 105.2 104.5 103.4 108.6 92.9	 78.6	 66.7	 57.6	
Freight	(ton	CO2/tkm)	 82.8	 76.8	 67.7	 60.7	 53.8	 82.8	 68.5	 52.0	 40.5	 31.5	
	
Conclusions and proposed future development 
The	 future	 energy	 demand	 of	 the	 transport	 sector	 was	modelled	 by	 a	 Reference	 case	 which	
represents	a	business	as	usual	outcome	with	a	modestly	high	growth	rate.	This	was	compared	
to	 an	 Alternative	 case	 that	 assumed	 a	 number	 of	 energy	 saving	 policy	 interventions.	 These	
interventions	are	not	implausible	even	in	combination	but	can	be	considered	optimistic	and	so	




 It	 is	 estimated	 that	 this	 demand	 will	 be	 consumed	 by	 a	 vehicle	 fleet	 that	 has	 grown	 to	
exceed	24	million	 road	vehicles	by	 2050	 from	a	 baseline	of	 8.2	million	 in	2010.	Of	 these,	
over	17	million	will	be	private	vehicles	excluding	LCVs	used	as	private	vehicles.	







on	 European	 and	 Japanese	 vehicle	 manufacturers	 maintaining	 a	 2%	 annualised	
improvement	 in	 fuel	 economy	 across	 vehicle	 types	 for	 the	 study	 period	 and	 South	Africa	
consistently	importing	this	technology	in	a	similar	vehicle	mass	and	engine	capacity	mix.	
 Similarly	 to	 the	 energy	 demand	 results,	 CO2	 emissions	 from	 transport	 were	 projected	 to	
more	 than	 double	 by	 2050	 for	 the	 Reference	 case	 but	 only	 increase	 by	 11%	 for	 the	
Alternative	case.	
 The	 large	 CO2	mitigation	 for	 the	 Alternative	 scenario	 arises	 because	 of	 the	 shift	 to	 public	
transport	 assisted	 by	 fuel	 economy	 improvements	 which	 results	 in	 a	 drop	 of	 24%	 for	
private	passenger	CO2	emissions	between	2010	and	2050.	
 The	simulated	shift	from	road	freight	to	rail	freight	and	higher	fuel	economy	improvements	







 Refinement	 of	 estimates	 of	 average	 loading	 of	 commercial	 vehicles,	 if	 possible	 estimating	
this	for	each	NAAMSA	weight	category	so	that	a	better	average	loading	per	vehicle	type	can	
be	calculated.	






In	 terms	 of	 model	 development,	 integrating	 the	 fuel	 or	 energy	 demand	 calculation	 into	 the	
Analytica	vehicle	parc	model	would	allow	easy	calculation	of	both	fuel	and	emissions	for	a	range	
of	 different	 scenarios,	 and	 the	 exploration	 of	 uncertainties	 and	 probabilities	 in	 different	
scenarios	in	the	vehicle	parc	model.	This	would	allow	the	calculation	of	future	transport	fuel	use	
for	 each	 province	 which	 will	 aid	 decision	making	 around	 infrastructure	 investment.	 Further	
disaggregating	the	higher‐income	group	in	the	model	and	adding	a	link	between	car	ownership	
and	 household	 income	 would	 refine	 the	 reflection	 of	 car	 ownership	 within	 the	 model	 and	
therefore	demand	for	private	p.km	in	the	model.	Both	input	data	and	results	would	be	greatly	
improved	 through	 studies	 focusing	 on	 elasticity	 of	 freight	 demand	 (ton.km)	 in	 relation	 to	
transport	GDP	and	overall	GDP.		
Provincial	 results	 would	 be	 enhanced	 through	 the	 use	 of	 a	 provincial	 CGE	 model	 (available	
through	 UN	 WIDER)	 to	 drive	 provincial	 growth,	 although	 some	 effort	 will	 be	 required	 to	
calibrate	 the	 provincial	 SAM.	 The	 inclusion	 of	 freight	 corridor	 demand	 in	 either	 a	 provincial	
model,	or	the	vehicle	parc	model	would	enhance	results,	particularly	relating	to	infrastructure	
requirements	and	opportunities	for	alternative	transport	modes	to	be	developed.		At	the	outset	




Finally,	 collaboration	 between	 researchers	 in	 South	 Africa	 working	 in	 the	 transport	 sector	
would	 greatly	 enhance	 both	 base	 year	 data	 and	 transport	 sector	 modeling.	 For	 instance,	












































































































































































Low‐income	 7%	 7%	 7%	 7%	 7%	 7%	 6%	 5%	 4%	 4%	
Mid‐income	 23%	 23%	 23%	 23%	 23%	 23%	 22%	 21%	 20%	 19%	





Low	Income	 0.25	 0.25	 0.25	 0.25	 0.25	 0.25	 0.24	 0.23	 0.21	 0.2	
Mid.	Income	 0.31	 0.31	 0.31	 0.31	 0.31	 0.31	 0.3	 0.28	 0.27	 0.25	
High	Income	 0.41	 0.41	 0.41	 0.41	 0.41	 0.41	 0.39	 0.37	 0.35	 0.34	
Variable	 Private	vehicle	occupancy	for	persons	with	private	vehicles	(persons/vehicle)	
Intervention	 Special	lanes	for	higher	occupancy	vehicles	increases	average	occupancy	
Occupancy	 1.4	 1.4	 1.4	 1.4	 1.4	 1.4	 1.43	 1.47	 1.5	 1.54	
Variable	 Public	mode	road	vehicle	occupancy	(persons/vehicle)	
Intervention	 Routes	improved	to	improve	occupancy	+	other	incentives	on	public	transport	
Bus	 25	 25	 25	 25	 25	 25	 26.3	 27.6	 28.9	 28.9	
MBT	 14	 14	 14	 14	 14	 14	 14.7	 15.4	 16.2	 16.2	
BRT	 25	 25	 25	 25	 25	 25	 26.3	 27.6	 28.9	 28.9	
Variable	 Private	vehicle	mileage	by	Income	Group	(000	km/year)	
Intervention	 Higher	fuel	taxes/prices	gets	people	to	drive	less	
Low‐income	 8.1	 8.1	 8.1	 8.1	 8.1	 8.1	 7.7	 7.4	 7	 6.6	
Mid‐income	 13.6	 13.6	 13.6	 13.6	 13.6	 13.6	 13	 12.3	 11.7	 11.1	
High‐income	 17.7	 17.7	 17.7	 17.7	 17.7	 17.7	 16.8	 16	 15.2	 14.4	
Other	*	 18	 18	 18	 18	 18	 18	 17.1	 16.2	 15.4	 14.7	
Variable	 Modal	share	by	income	group	for	persons	with	access	to	a		private	veh	(%)	
Intervention	 More	BRT	lanes	setup	and	more	high‐speed	Gautrain	type	trains	implemented	
BRT	(LI)	 0%	 2%	 5%	 10%	 15%	 0%	 2%	 7%	 15%	 25%	
Gautrain		(LI)	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	
BRT	(MI)	 0%	 2%	 5%	 10%	 15%	 0%	 2%	 7%	 15%	 25%	
Gautrain	(MI)	 0%	 0%	 0%	 0%	 0%	 0.0%	 0.2%	 1.0%	 2.0%	 3.0%	
BRT		(HI)	 0%	 2%	 3%	 4%	 4%	 0%	 2%	 3%	 5%	 10%	




2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Variable	 Modal	share	per	income	group	for	persons	without	access	to	a	private	vehicle	(%)	
Intervention	 More	BRT	lanes	are	set	up	and	more	high‐speed	Gautrain‐type	trains	implemented
BRT	(LI)	 0%	 2%	 5%	 10%	 15%	 0%	 2%	 7%	 20%	 40%	
Gautrain	(LI)	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	
BRT	(MI)	 0%	 2%	 5%	 10%	 15%	 0%	 2%	 7%	 20%	 40%	
Gautrain	(MI)	 0.0%	 0.2%	 0.2%	 0.2%	 0.2%	 0.0%	 0.2%	 1.0%	 2.0%	 3.0%	
BRT		(HI)	 0%	 2%	 3%	 3%	 3%	 0%	 2%	 7%	 20%	 40%	
Gautrain	(HI)	 0%	 1%	 1%	 1%	 1%	 0%	 1%	 1%	 3%	 5%	
Variable	 Modal	share	of	total	private	pkm	(%)	
Intervention	 Taxes	are	increased	on	SUV's	causing	a	shift	back	to	cars	
Car	 86%	 86%	 86%	 86%	 86%	 86%	 88%	 89%	 90%	 90%	
SUV	 11%	 11%	 11%	 11%	 11%	 11%	 10%	 9%	 8%	 8%	























81%	 81%	 81%	 81%	 81%	 81%	 77%	 73%	 70%	 66%	





26%	 26%	 26%	 26%	 26%	 26%	 25%	 23%	 22%	 21%	
Rail	freight	branch	
line	








		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Variable	 Shares	of	car	sales	
Intervention	 Diesel,	hybrid	and	electric	cars	incentivized	
Diesel	 8%	 8%	 8%	 8%	 8%	 8%	 11%	 15%	 17%	 20%	
Gasoline	 92%	 92%	 92%	 92%	 92%	 92%	 81%	 70%	 68%	 65%	
Diesel	hybrid	 0%	 0%	 0%	 0%	 0%	 0%	 3%	 5%	 5%	 5%	
Gasoline	hybrid	 0%	 0%	 0%	 0%	 0%	 0%	 3%	 5%	 5%	 5%	
Electric	 0%	 0%	 0%	 0%	 0%	 0%	 3%	 5%	 5%	 5%	
Total	 100%	 100%	 100%	 100%	 100% 100%	 100%	 100%	 100%	 100%	
Variable	 Shares	of	SUV	Sales	
Intervention	 Diesel	and	hybrid	SUVs	incentivized	
Diesel	 42%	 51%	 60%	 68%	 75%	 42%	 54%	 65%	 78%	 80%	
Gasoline	 58%	 49%	 40%	 32%	 25%	 58%	 41%	 25%	 12%	 10%	
Diesel	hybrid	 0%	 0%	 0%	 0%	 0%	 0%	 2%	 5%	 5%	 5%	
Gasoline	hybrid	 0%	 0%	 0%	 0%	 0%	 0%	 2%	 5%	 5%	 5%	
Total	 100%	 100%	 100%	 100%	 100% 100%	 100%	 100%	 100%	 100%	
Variable	 Shares	of	MBT	Sales	
Intervention	 Diesel	MBTs	incentivized	
Diesel	 20%	 25%	 30%	 35%	 40%	 20%	 34%	 53%	 69%	 79%	
Gasoline	 78%	 74%	 70%	 65%	 60%	 80%	 63%	 40%	 23%	 14%	
Diesel	hybrid	 0%	 0%	 0%	 0%	 0%	 0%	 3%	 7%	 8%	 8%	
Total	 98%	 99%	 100%	 100%	 100% 100%	 100%	 100%	 100%	 100%	
Variable	 Shares	of	BRT	Sales	
Intervention	 Infrastructure	for	electric	and	CNG	vehicles	made	available	
Diesel	 100%	 100%	 100%	 100%	 100% 100%	 87%	 75%	 62%	 50%	
Comp.	natural	gas	 0%	 0%	 0%	 0%	 0%	 0%	 6%	 13%	 19%	 25%	
Electric	 0%	 0%	 0%	 0%	 0%	 0%	 6%	 13%	 19%	 25%	







		 2010	 2020	 2030	 2040	 2050	 2010	 2020	 2030	 2040	 2050	
Variable	 Shares	of	LCV	sales	
Intervention	 Diesel	LCVs	incentivised	
Diesel	 42%	 44%	 44%	 44%	 44%	 42%	 46%	 50%	 55%	 60%	
Gasoline	 58%	 56%	 56%	 56%	 56%	 58%	 54%	 50%	 45%	 40%	
Total	 100%	 100%	 100%	 100%	 100% 100%	 100%	 100%	 100%	 100%	
Variable	 Shares	of	MCV	sales	
Diesel	 100%	 100%	 100%	 100%	 100% 100%	 100%	 100%	 100%	 100%
Gasoline	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	 0%	
Total	 100%	 100%	 100%	 100%	 100% 100%	 100%	 100%	 100%	 100%	
Variable	 Shares	of	HCV	sales	
Intervention	 Natural	gas	made	available	to	HCV	vehicles	
Diesel	 100%	 100%	 100%	 100%	 100% 100%	 94%	 87%	 81%	 75%	
Comp.Natural	Gas	 0%	 0%	 0%	 0%	 0%	 0%	 6%	 13%	 19%	 25%	














Stakeholder	 consultation	 workshops	 took	 place	 on	 two	 occasions,	 firstly	 at	 an	 inception	




The	proposed	project	scope	and	methodology	was	presented	 to	stakeholders	at	 the	 Inception	
Workshop.	 The	 stakeholder	 group	 included	 representatives	 from	 SANERI,	 Chevron,	 Engen,	
PetroSA,	 Sasol,	 Shell,	 CEF,	 SAPIA,	 Transnet,	 SASDA,	 DEAT,	 ARUP,	 NERSA,	 DME,	 DOT	 and	 the	
CSIR.	 The	workshop	was	 simultaneously	 held	 at	 the	University	 of	 Cape	Town	 and	 at	 SANERI	









12	 goods‐categories	was	 established	using	 the	national	 freight	 roadside	 survey	data.	 The	 rail	
freight	 demand	 for	 mobility	 was	 established	 using	 Transnet	 data	 for	 the	 same	 12	 goods	
categories.	 The	 demand	 for	 mobility	 was	 checked	 and	 calibrated	 against	 fuel	 sales	 data	
provided	by	SAPIA.	




has	 a	built‐in	 facility	 for	handling	uncertainty	 in	variables	using	probability	distributions,	 the	
latter	offering	interesting	possibilities	for	extensions	to	this	project.	
Scenario workshop 
The	 base‐year	 calibration	 data	 and	 initial	 model	 skeleton	 were	 presented	 at	 the	 second	
stakeholder	workshop	held	on	9	(Cape	Town)	and	11	(Johannesburg)	November	2010.	After	a	





















 Congestion	on	corridors	difficult	because	of	 time	of	 travel	and	 impact	of	
passenger	vehicles.	





 Scenario	 axes:	 High	 growth/low	 growth	 vs	 with	 measures	 and	 without	
measures.	
Johannesburg






 The	 45‐55%	 split	 of	 petrol/diesel	 fuel	 sales	 may	 have	 changed	
considerably	 from	 2003,	 with	 current	 diesel	 vehicle	 sales	 share	 around	
20%.	
 Significant	 fuel	under	 ‘general’	 could	be	sold	 to	 transport	 sector	 in	 rural	
areas	with	pumps	attached	to	small	shops.	
 Total	sales	 figures	 from	Sapia	are	reliable	but	 the	detailed	breakdown	is	
not	as	reliable,	and	results	must	be	presented	with	this	caveat.	
 N3	tkm	looks	low.	
 Coal	 transport	 to	 power	 stations	 doesn’t	 appear	 to	 be	 covered	 by	 the	
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Brett Cohen  ERC, UCT brett.cohen@uct.ac.za 
Bruno Merven ERC, UCT brunomerven@gmail.com 
Tanya Visser (Lane)  Stellenbosch University tanyav@sun.ac.za 
Alfred Moyo  ERC, UCT alfred.moyo@uct.ac.za 
Anton Moldan SAPIA anton@sapia.co.za 
Arthur Bell  Sasol arthur.bell@sasol.com 
Caitlin Bergh  ERC, UCT Caitlin.Bergh@uct.ac.za 
Harald Winkler ERC, UCT Harald.winkler@uct.ac.za 
Ivan Collair  Shell ivan.collair@shell.com 
Nobuzwe Mbuyisa  Chevron NMKV@chevron.com 
Shammy Saheb Chevron ssaheb@chevron.com 
Thapelo Letete ERC, UCT T.Letete@uct.ac.za 
Tshilidzi Dlamini   DEAT tdlamini@deat.gov.za 
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Brett Cohen  ERC, UCT brett.cohen@uct.ac.za 
Bruno Merven ERC, UCT brunomerven@gmail.com 
Jan Tomaschek Enerkey project jan.tomaschek@ier.uni‐stuttgart.de
Jan‐Harm van den Berg  SASOL Janharm.vandenberg@sasol.com 
Philip Goyns  Department of Energy philip.goyns@energy.gov.za 
Lunga Saki  SASDA lunga.saki@sasda.co.za 
Schalk Kok  CSIR Skok@csir.co.za
Rod Crompton NERSA rod.crompton@nersa.org.za  
Cornel van Basten  SAPIA cornel@sapia.co.za 
 
	
	
